Preeclampsia, characterized by new-onset of hypertension and proteinuria after gestational week 20, is a multiorgan, pregnancy-specific disorder that is one of the most common causes of maternal, as well as perinatal, morbidity and mortality worldwide.^[@CIT0001]^ Sixty-five thousand women die each year because of complications related to preeclampsia. Seventy-five percent of these are deaths caused by acute cerebral complications such as eclampsia, brain hemorrhage, and brain edema.^[@CIT0001],[@CIT0002]^ Eclampsia is known as the occurrence of tonic-clonic seizures during pregnancy or in the early postpartum period.^[@CIT0003]^

The pathogenesis of preeclampsia is not fully understood. The main hypothesis is based on endothelial cell dysfunction, which affects placental microvasculature and the vasculature of the woman in general.^[@CIT0004]^ Women with preeclampsia have been shown to display cerebral hemodynamic changes, which appear before clinical symptoms of the disorder.^[@CIT0002]^ Eclampsia is associated with vasogenic edema.^[@CIT0002]^ There are 3 main different theories for the occurrence of this edema: one is that it is caused by severe hypertension, leading to inadequate autoregulation and hyperperfusion in the brain; a second possibility is vasoconstriction and hypoperfusion leading to brain ischemia; a third theory is related to a possible endothelial dysfunction due to circulating toxins that may affect the blood--brain barrier and lead to subsequent extravasation.^[@CIT0005]^ This increased permeability through the blood-brain barrier has been described in recent animal studies, where it is claimed that increased permeability can also occur in preeclampsia without seizures.^[@CIT0006]^ In eclampsia and severe preeclampsia, there is a risk for acute cerebral complications, but it has also been shown that women who have had preeclampsia or eclampsia without other acute complications have an increased risk for persistent cognitive impairment for months or even years after the pregnancy.^[@CIT0002]^

There is no treatment for preeclampsia, except for delivery. It is not always easy to decide when to deliver, and the risk of maternal morbidity and mortality, as well as the risk of severe perinatal outcomes, must be taken into consideration. A reliable biochemical marker that reflects affection of the maternal brain during preeclampsia could be useful in clinical work when a decision about whether to deliver or not has to be taken.

S100B is a protein produced and released primarily by glial cells in the central nervous system (CNS).^[@CIT0007]^ The protein is released during a trauma to the head, and serum levels correlate positively with the degree of cerebral insult induced and negatively with outcome.^[@CIT0008],[@CIT0009]^ S100B is also used as a marker for damaged blood--brain barrier,^[@CIT0010]^ and it has been postulated that levels of S100B are increased in patients with neurodegenerative diseases, psychiatric disorders, and stroke.^[@CIT0011]^ We have recently shown that levels of S100B increase during pregnancy in women who develop preeclampsia.^[@CIT0014]^

The hypotheses of this cross-sectional case--control study were that women with preeclampsia have higher levels of S100B compared with healthy pregnant control subjects and that S100B levels reflect the degree of possible CNS effects in women with preeclampsia.

METHODS {#s1}
=======

The study was approved by the regional Ethics Committee of the Medical Faculty of Uppsala University, and informed consent was obtained from each patient included in the study.

Study population {#s2}
----------------

This study was designed as a case--control study. The women were recruited between 2007 and 2010 at the Department of Obstetrics and Gynaecology, Uppsala University Hospital, Uppsala, Sweden. Case patients (n = 53) were pregnant women with preeclampsia. They were included at the time when the diagnosis was confirmed. The definition of preeclampsia was new-onset hypertension (≥140/90mm Hg, observed on at least 2 separate measurements ≥6 hours apart), combined with proteinuria (≥2 units on a dipstick or a 24-hour urine sampling showing ≥300mg albumin/24 hours) after gestational week 20. The control subjects (n = 58) were frequency matched according to gestational weeks ± 2 weeks and consisted of women with normal pregnancies defined as an uncomplicated progress throughout the whole pregnancy, with delivery after 37 weeks of gestation of an infant not small for gestational age (defined as birth weight \>2 SDs below mean birth weight for gestational age of the reference population).^[@CIT0015]^ Most of the women in the control group were recruited during their routine visit to 2 of the antenatal clinics in Uppsala Municipality. A few women were recruited during a visit to the obstetrics emergency outpatient department at the University Hospital, Uppsala. Both nullipara and parous women were included, but only singleton pregnancies were accepted. Women were not included if they were suffering from chronic hypertension, renal disease, or diabetes mellitus or if their plasma levels of S100B had not been measured. None of the women in the study suffered from heart disease according to the medical records.

At inclusion, maternal height, weight, and blood pressure were registered. The routine for measuring blood pressure was standardized and measured after approximately 15 minutes of rest, in supine position on the right upper arm, with a manual blood pressure apparatus (Umedico, Rosersberg, Sweden). Information about reproductive history and smoking habits, as well as pregnancy-related complications, gestational age at delivery, and birth weight of the infant, was collected from the medical records. Gestational age was defined as completed weeks of gestation calculated from the estimated date of delivery after the second trimester ultrasound screening.

Symptoms and signs related to possible CNS effects {#s3}
--------------------------------------------------

Symptoms and signs related to possible CNS effects were defined as visual disturbances, altered tendon reflexes, and headache. Data were collected from the medical records, and each symptom was categorized into present or nonpresent depending on whether the symptom had been reported as present within 2 days of blood sampling. A variety of visual disturbances and headaches were recorded as symptoms. No women were, when examined, found to have altered tendon reflexes within this time period, and therefore this sign was excluded in the analysis.

Sample collection {#s4}
-----------------

A plasma sample was collected in lithium/heparin--containing tubes from each woman at inclusion. After collection, the blood samples were kept at room temperature for no longer than half an hour before being centrifuged for 10 minutes at 2,000g. The plasma samples were separated and stored in new tubes at −70 °C until levels of S100B were analyzed. The mean storage time was \<3 years.

Enzyme-linked immunosorbent assay {#s5}
---------------------------------

Plasma samples were analyzed for levels of S100B by an enzyme-linked immunosorbent assay (ELISA). A commercially available kit (Sangtec 100 ELISA; Diasorin, MN) was used, and the tests were performed according to the manufacturer's recommendations. The inter- and intra-assay coefficients of variation were 3.3% and 7.7%, respectively. The limit of detection was 0.015 µg/L.

Statistics {#s6}
----------

Demographic and clinical characteristics were compared between case patients and control subjects by use of Student *t* test and χ^2^ tests. Levels of S100B were compared between case patients and control subjects by use of Mann--Whitney *U* test. S100B levels less than the detection limits of the ELISA were recorded as 0.015 µg/L. Values are presented as mean ± SD and median with range, respectively. All significance tests were 2-tailed. A receiver operator characteristics curve was constructed to determine the best cutoff value for levels of S100B and association with preeclampsia (0.14 µg/L). Logistic regression analyses were used to calculate unadjusted and adjusted odds ratios (ORs) for the association between preeclampsia and levels of S100B. The following maternal factors were analyzed: maternal age as completed years in the first trimester, parity as nullipara or not, and body mass index (kg/m^2^) calculated by first trimester height and weight. Smoking was not included in the statistical model because of a too-low number of smokers in the population to allow calculations. Factors that were significantly (*P* \< 0.05) associated with the outcome in univariable analyses were included in the final multivariable model. Internal validation in means of a 2-fold cross-validation was performed to avoid overoptimism in the OR estimates. In women with preeclampsia, we estimated whether symptoms related to CNS affection were more common in women with high S100B levels according to the cutoff value from the receiver operator characteristics curve through logistic regression analysis, adjusting for headache. The level of significance was *P* \< 0.05. Statistical analysis was performed using SPSS version 20.0 (IBM SPSS statistics, Armank, NY) for MAC software package.

RESULTS {#s7}
=======

Background characteristics {#s8}
--------------------------

Maternal characteristics and pregnancy outcome of case patients and control subjects are presented in [Table 1](#T1){ref-type="table"}. At first antenatal visit, women who developed preeclampsia did not differ from control subjects in terms of maternal age or smoking habit, but they were more often nulliparous and had higher body mass index and blood pressure. All women in the group of preeclampsia had ≥2 units on a urine dipstick at inclusion; no one among the control subjects had any sign of proteinuria. At partus, 85% of the women with preeclampsia were treated with antihypertensive medication. Case patients and control subjects were matched for gestational age at time of inclusion, but women with preeclampsia had, as expected, a shorter gestational length at delivery and delivered infants with lower birth weight than control subjects.

###### 

Background characteristics of the study population

  Background characteristics         Normal pregnancy (n = 58)   Preeclampsia (n = 53)   *P* value
  ---------------------------------- --------------------------- ----------------------- -----------
  Maternal age, y                    30±4                        30±5                    NS
  Nulliparous, no. (%)               29 (50)                     37 (70)                 \<0.05
  S100B, µg/L, median (range)        0.07 (0.02--0.31)           0.12 (0.02--0.77)       \<0.001
  At first antenatal visit                                                               
   Smokers, no. (%)                  2 (3)                       0 (0)                   NS
   BMI, kg/m^2^                      23±3                        27±6                    \<0.001
   Systolic BP, mm Hg                114±9                       124±11                  \<0.001
   Diastolic BP, mm Hg               65±7                        79±8                    \<0.001
   MAP, mm Hg                        81±7                        94±8                    \<0.001
  At inclusion                                                                           
   Gestational age, d                242±34                      247±31                  NS
   BMI, kg/m^2^                      27±4                        33±7                    \<0.001
   Systolic BP, mm Hg                114±9                       146±12                  \<0.001
   Diastolic BP, mm Hg               69±7                        91±11                   \<0.001
   MAP, mm Hg                        84±7                        109±10                  \<0.001
   Proteinuria,^a^ no. (%)           0 (0)                       53 (100)                \<0.001
  At partus                                                                              
   Gestational age, d                280±9                       250±29                  \<0.001
   Antihypertensive drugs, no. (%)   0 (0)                       45 (85)                 \<0.001
   Infant birth weight, g            3,658±434                   2,554±988               \<0.001

Data are presented as mean ± SD, unless otherwise noted. Student *t* test was used for all variables except S100B, which used the Mann--Whitney test.

Abbreviations: BMI, body mass index; BP, blood pressure; MAP, mean arterial pressure; NS, not significant.

^a^ \>2 units on a dipstick.

Plasma levels of S100B {#s9}
----------------------

Levels of S100B in plasma for women with preeclampsia and healthy control subjects are presented as a boxplot in [Figure 1](#F1){ref-type="fig"}. Women with preeclampsia had significantly higher median levels of S100B compared with control subjects (0.12 µg/L, 0.02--0.77 µg/L; vs. 0.07 µg/L, 0.02--0.31 µg/L; *P* \< 0.001). Postpartum samples were available from some (n = 12) of the women with preeclampsia and the postpartum median levels were significantly higher when compared with samples collected before partus (n = 41) in that group of women (0.16 µg/L, 0.03--0.77 µg/L; vs. 0.11 µg/L, 0.02--0.33 µg/L; *P* \< 0.05).

![Boxplot showing levels of S100B among case patients and control subjects. The top and bottom of the box represent the third and first quartiles. The horizontal line within the box represents the median value. The bars on the sides of the box represent the highest and the lowest value. The circles represent extreme values \>1.5 × interquartile range (IQR), and the asterisks represent extreme values \>3 × IQR. *P* \< 0.001.](ajhype_hpu020_f0001){#F1}

The association between preeclampsia and high levels of S100B was analyzed further. A receiver operator characteristics curve for levels of S100B and risk of preeclampsia was constructed, and a cutoff value of 0.14 µg/L for levels of S100B was chosen to optimize sensitivity (44%) and specificity (86%). The area under the curve was 0.71 ([Figure 2](#F2){ref-type="fig"}). When levels of S100B were divided into 2 groups based on the cutoff value and used in a bivariable regression analysis, the results confirmed an association between preeclampsia and high levels of S100B (OR = 4.71; 95% confidence interval (CI) = 1.79--12.37). In a multivariable logistic regression analysis adjusted for parity and body mass index, high levels of S100B still remained as an independent factor associated with preeclampsia (OR = 5.56; 95% CI = 1.91--16.19) ([Table 2](#T2){ref-type="table"}). The results were confirmed in a 2-fold cross validation where levels of S100B remained as an independent factor associated with preeclampsia (data not shown).

###### 

Logistic regression analysis with odds ratios (ORs) and 95% confidence intervals (CIs) for likelihood of preeclampsia based on background factors that differed significantly in [Table 1](#T1){ref-type="table"}

  Background factors that differed significantly in Table 1                 Adjusted OR^a^   (95% CI)
  ----------------------------------------------------------- ------------- ---------------- ---------------
  Parity                                                      Parous         NS              
                                                              Nullipara                      
  BMI, first antenatal visit                                  \<25          1.00             (referent)
                                                              ≥25           5.32             (2.11--13.38)
  Plasma levels of S100B                                      \<0.14 µg/L   1.00             (referent)
                                                              ≥0.14 µg/L    5.56             (1.91--16.19)

Abbreviations: BMI, body mass index; NS, not significant.

^a^Adjusted for parity, BMI, and levels of S100B.

![Receiver operator characteristics (ROC) curve. The ROC curve shows optimal cutoff level of S100B (µg/L) to discriminate between women with preeclampsia and women with normal pregnancies. The area under curve (AUC) is 0.706.](ajhype_hpu020_f0002){#F2}

Symptoms related to possible CNS effects and levels of S100B {#s10}
------------------------------------------------------------

Based on the knowledge that S100B might reflect degree of possible CNS effects, a multivariable regression analysis was performed where clinical markers of neurological dysfunction were compared with high levels of S100B in women with preeclampsia. The most common symptom of suspected CNS effects was headache, but women with high levels of S100B did not have headache more often (OR = 0.63; 95% CI = 0.20--2.01) ([Table 3](#T3){ref-type="table"}). Six women had symptoms of visual disturbance, mostly blurred vision, and women with high levels of S100B tended to have visual disturbances more often (OR = 8.58; 95% CI = 0.90--81.72) ([Table 3](#T3){ref-type="table"}). A Pearson phi coefficient correlation test was also performed, and a significant correlation between visual disturbances and high levels of S100B was found (*P* \< 0.05; data not shown)

###### 

Logistic regression analysis with odds ratios (ORs) and 95% confidence intervals (CIs) for likelihood of possible central nervous system effects in relation to levels of S100B among case patients with preeclampsia (n = 53)

  Possible CNS effects         Adjusted OR^a^   (95% CI)
  ---------------------- ----- ---------------- ---------------
  Headache               No    1.00             (referent)
                         Yes   0.63             (0.20--2.01)
  Visual disturbances    No    1.00             (referent)
                         Yes   8.58             (0.90--81.72)

Abbreviation: CNS, central nervous system.

^a^Adjusted for headache and visual disturbances.

DISCUSSION {#s11}
==========

Based on the knowledge that women with preeclampsia have been shown to have cerebral hemodynamic changes^[@CIT0002]^ and that women who have had preeclampsia or eclampsia have an increased risk for persistent cognitive impairment for months or even years after the pregnancy,^[@CIT0002]^ it was of interest to investigate whether it is possible to measure a potential CNS affection during pregnancy. Because S100B is supposed to be a peripheral biomarker of CNS injury with increased blood--brain barrier permeability, we investigated the association between plasma levels of S100B and preeclampsia as well as S100B's association to CNS affection.

We showed that plasma levels of S100B are elevated among women with preeclampsia compared with control subjecs, which is in agreement with previous results.^[@CIT0014],[@CIT0016]^ The results from our study indicated, furthermore, that levels of S100B increase irrespective of blood pressure level and that increased levels of S100B during pregnancy had a tendency to associate with visual disturbances, which might reflect possible CNS effects.

Preeclampsia and eclampsia seem to influence the CNS,^[@CIT0002],[@CIT0005]^ but little is known about the actual importance of this, both in the short and long term. According to previous results from others, and us, serum levels of S100B are elevated in women with preeclampsia.^[@CIT0014],[@CIT0016]^ In a study by Vettorazzi *et al*.,^[@CIT0016]^ a correlation between severe preeclampsia and high levels of S100B was shown, although there was no significant elevation in S100B levels among women with preeclampsia who developed eclampsia, compared with women with preeclampsia only. However, S100B was analyzed in the blood sample collected at time of diagnosis, and the time elapsed to occurrence of seizures was not specified. It would have been of interest to investigate changes in S100B levels among these women in the period between time of diagnosis and occurrence of seizures. Vettorazzi *et al.*,^[@CIT0016]^ furthermore, did not identify a correlation between levels of S100B and CNS-related symptoms. In their study, relatively few women with severe preeclampsia were included, and the absence of a correlation with CNS-related symptoms might have been because of loss of statistical power. Also, the symptoms were not subdivided into specific neurologic symptoms, which could have diluted their results.

In patients with preeclampsia or eclampsia who have neurological symptoms, areas with cortical and subcortical vasogenic edema are often observed on computed tomography^[@CIT0017]^ and magnetic resonance imagingstudies.^[@CIT0018]^ The most commonly affected regions are in the parietal and occipital lobes, supplied by the posterior cerebral artery. The combined syndrome of neurological symptoms and imaging findings has been described as the posterior reversible leucoencephalopathy syndrome, which is not exclusively observed in preeclampsia or eclampsia. Other etiologies include, but are not restricted to, hypertension from other causes,^[@CIT0018]^ immunosuppressive^[@CIT0019]^ or cytotoxic drugs,^[@CIT0020]^ and autoimmune conditions.^[@CIT0021]^ The predilection in imaging studies for pathological changes to the parieto-occiptal region, including the visual cortex, corresponds well to the fact that visual disturbances are one of the most common symptoms in posterior reversible leucoencephalopathy syndrome.^[@CIT0022]^ Therefore, visual disturbances might have a high specificity as a symptom reflecting possible CNS effects of preeclampsia, and our finding of visual disturbance as more common in women with high S100B levels indicates S100B as a peripheral biomarker of possible CNS effects.

It is known that women with preeclampsia have cerebral hemodynamic changes, even predating the preeclamptic syndrome^[@CIT0002]^ and also that preeclampsia and eclampsia are associated with a blood--brain barrier disruption^[@CIT0006]^ that makes it possible for the high cerebral S100B content to leak over to the maternal circulation. This supports the theory that it is S100B produced by the glial cells, predominantly in the astrocytes, of the CNS that is the source of increased S100B levels in women with preeclampsia. Another hypothesis about the reason for increased levels of S100B in preeclampsia is that S100B originates from extracerebral sources affected by the disease. This issue has been discussed in the literature in relation to other diseases^[@CIT0007],[@CIT0026]^ but there is evidence that S100B is mainly expressed in astrocytes and that its low expression in other tissues is of less importance clinically when evaluating brain damage.^[@CIT0010]^ Pham and collegues^[@CIT0027]^ have, in a recent publication, shown that changes in serum levels of S100B primarily reflect extravasation across a disrupted blood--brain barrier.^[@CIT0027]^ They show furthermore that the main molecular species of total S100B related to blood--brain barrier disruption is the S100B homodimer. Levels of S100B in that study were evaluated with the same kind of ELISA kit as in our study. There have also been studies investigating the levels of S100B in cord blood, amniotic fluid, and urine samples from newborns in relation to fetal well-being.^[@CIT0028]^ It would have been of interest in our study to put the S100B levels in maternal blood in relation to these parameters, but this material was not available. In future prospective studies, this can be taken into consideration to further correct for confounders.

In some of the women in our study, blood samples were also collected postpartum. When women within the preeclampsia group were compared, there was a significant increase in S100B among women with samples collected postpartum compared with before delivery. For women with normal pregnancies, there was only 1 instance where the blood sample collection had been performed postpartum and because of that it was not possible to perform a statistical analysis. The results suggest, accordingly, that S100B continues to rise postpartum, at least in women with preeclampsia, which is in line with the fact that preeclampsia and eclampsia also occur postpartum.^[@CIT0003],[@CIT0029]^ One could speculate about the importance of also evaluating women with preeclampsia postpartum to estimate the risk of future cerebral complications. Because one-third of all eclampsia cases occur postpartum, we believe that this would be of great interest.^[@CIT0003],[@CIT0030]^

There are also other potential markers for cell damage in CNS in relation to preeclampsia. Among the factors that would be of interest to analyze are neuron-specific enolase and glial fibrillary acidic protein, which both seem to be of major importance when evaluating brain damage caused by traumatic events.^[@CIT0008],[@CIT0031],[@CIT0032]^ Perhaps measurement of S100B in combination with 1 of these, or some other factor, could be helpful in clinical decisions about whether and when to deliver.

One limitation with our study is the relatively low number of patients included. In spite of this, we achieved significant results in many of our outcomes, indicating a strong association. Concerning the association between visual disturbances and higher levels of S100B, a Pearson phi coefficient showed a significant correlation, whereas a logistic regression analysis resulted in a *P* value of 0.06; this is probably because of the size of the study population, and the outcome needs to be confirmed in a larger study. Another limitation is the retrospective design of the study; the information about CNS-related symptoms was collected from the medical records instead of asking the women individually for symptoms at the time of sampling according to a predefined protocol. The major strengths of this study, on the other hand, are that the study population is well characterized in aspects of preeclampsia diagnosis and it is also, to our knowledge, the first study investigating levels of S100B in relation to specific symptoms that correspond to possible CNS effects. CNS-related symptoms were collected from the medical records without knowledge of S100B levels, minimizing information bias. The ELISA analysis of levels of S100B is, furthermore, a well-defined and often-used method with highly accurate results.

That S100B might reflect possible CNS effects in relation to preeclampsia needs to be confirmed in larger studies, but one can speculate about its importance as a clinical marker of relevance to take into consideration when decisions about treatment and/or delivery are needed during pregnancy. To be able to estimate the degree of CNS effects in the individual woman would be of great relevance and help for the obstetrician.

Our findings indicate that plasma levels of S100B are elevated among women with preeclampsia compared with control subjects. The results indicate, furthermore, that levels of S100B increase and that women with high levels of S100B during pregnancy more often have visual disturbances, which might reflect possible CNS effects in women with preeclampsia.
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